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The aim of this study was to evaluate the antimicrobial activity of camel caseins and their hydrolysates by gastro-
intestinal proteolytic enzymes against 3 Gram-positive and 2 Gram-negative bacterial strains. Camel caseins (CN) 
were hydrolysed by successive action of pepsin and pancreatin. Hydrolysis of CN was checked by electrophoresis 
and gel fi ltration chromatography (GFC). Both techniques showed that CN was hydrolysed into peptides. Among the 
tested bacteria, a decrease of 19.3%±0.02 of E. coli XL1 blue cells growth was observed in the presence of undigested 
camel casein at a concentration of 20 mg ml–1. After successive hydrolyses by pepsin and pancreatin, camel milk 
casein hydrolysates still exhibited anti-bacterial activity against E. coli XL1 blue strain (19.73±0.01% growth 
inhibition under the same conditions). Gram-positive strain growth was not affected by intact camel CN, while, at 
the same concentration (20 mg ml–1), their hydrolysates slightly inhibited the growth of these bacteria. This suggests 
that antibacterial peptidic fragments of caseins were generated by pepsin and pancreatin.
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The protein content of camel milk differs markedly from cow milk, although the caseins 
content in camel milk is slightly higher. However, β-CN is the major protein in camel milk 
(65% of total CN), and the αs1-CN level (22%) is low, while β-CN and αS1-CN are almost 
equally abundant in cow milk (37 and 30% of total caseins, respectively). The proportion of 
κ-CN in camel milk is only 3% (vs. 10–12% in cow milk, KAPPELER et al., 1998). On the other 
hand, cow caseins were reported to be more susceptible to hydrolysis by trypsin than camel 
milk CN, whereas camel CNs were more readily hydrolysed by chymotrypsin (SALAMI et al., 
2008). This suggests that bioactive peptides released following enzymatic hydrolysis of 
camel milk caseins may be different from those derived from bovine caseins.
It is now well known that beside the main physiological role of milk CN as a source of 
amino acids required for the growth of neonate, these proteins may contain peptides encrypted 
in their sequences, which can exhibit various biological activities once released. Such 
peptides can be released in vivo upon digestion, in vitro by enzymatic hydrolysis, or during 
fermentation as a result of the action of proteases produced by lactic acid bacteria. CN 
hydrolysates and CN-derived bioactive peptides showed several biological activities (SILVA 
& MALCATA, 2005).
The presence of antimicrobial activity in the bovine, ovine, and buffalo αs1-, αs2- and 
κ-casein hydrolysates has been reported (ZUCHT et al., 1995; RECIO & VISSER, 1999; LÓPEZ-
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EXPÓSITO et al., 2006). Several antimicrobial peptides have been identifi ed from bovine casein 
hydrolysates, mainly isracidin and caseicin (LAHOV & REGELSON, 1996).
The antimicrobial activity of camel’s milk and its whey protein fraction has already been 
studied (BENKERROUM et al., 2004). Recently SALAMI and co-workers (2011) have studied the 
antimicrobial activity of camel whey proteins and their hydrolysates. However, to our 
knowledge, antimicrobial activity of camel caseins and their hydrolysates has never been 
studied. Search for biological activities of camel milk caseins has focused until now mainly on 
the antioxidant and angiotensin converting enzyme inhibitory activities (SALAMI et al., 2011).
Based on the above rationale, the objective of the present research is to assess whether 
hydrolysis by gastro-intestinal proteases of camel caseins releases antimicrobial fragments.
1. Materials and methods
1.1. Materials
Camel milk was obtained from the experimental farm of the Arid Land Institute, Livestock 
and Wildlife Laboratory, Tunisia. Pepsin (from porcine stomach mucosa, EC 3.24.3.1, 
specifi c activity of 3260 units mg–1) and pancreatin (from bovine pancreas, EC 232-468-9, 
activity equivalent to 8× U.S.P. specifi cations), were from Sigma-Aldrich (Co., St. Louis, 
MO, USA).
1.2. Casein preparation
Caseins were extracted from skimmed camel milk by precipitation at pH 4.2 followed by 
centrifugation (5000×g; 30 min; 20 °C). The casein pellet was washed three times with 
distilled water, and then dissolved with 1 M NaOH. Then, caseins were dialyzed (cut-off of 
dialysis membranes: 100–500 Da, Spectra/Por, Spectrum Labs inc., Rancho Dominguez, CA, 
USA) against Milli-Q water (Millipore, Bedford, MA, USA) at 4 °C for 48 h and freeze-
dried.
1.3. Casein enzymatic hydrolysis
Enzymatic hydrolysis protocol of camel milk casein was performed according to the 
conditions described by PARROT and co-workers (2003).
1.4. SDS PAGE electrophoresis
SDS-PolyAcrylamide Gel Electrophoresis (PAGE) was carried out according to method 
described by LAEMMLI and FAVRE (1973).
1.5. Nitrogen analysis by the Kjeldahl method
The levels of total nitrogen (TN) of CN were determined by the Kjeldahl method (AFNOR, 
1993).
1.6. Gel fi ltration chromatography
The gel fi ltration chromatographic procedure was carried out using the same materials, 
methods, and condition as described by DUPAS and co-workers (2009).
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1.7. Peptide analysis by RP-HPLC
Peptide analysis was carried out by RP-HPLC/diode array detection, using the same protocol 
developed by ADT and co-workers (2011).
1.8. Antimicrobial activity assay
The in vitro antibacterial activity of CN and CN-H was assayed with a Bioscreen® automated 
spectrophotometer (Thermofi sher, Illkirch, France) against 3 Gram-positive bacteria (Listeria 
innocua LRGIA01, Bacillus cereus ATCC 11778, and Staphylococcus aureus nosoco 3011) 
and 2 Gram-negative strains (Escherichia coli XL1 bleu and Pseudomonas aeruginosa ATCC 
15742). The antimicrobial activity protocol is used according to JRAD and co-workers (2014).
1.9. Statistical analysis
Statistical analysis was performed using MS Excel and results were presented as mean value 
± standard error of mean (SEM). The t-test (two-samples, assuming unequal variances) and 
P value <0.05 were used for statistical evaluation.
2. Results and discussion
2.1. Assessment of in vitro camel casein hydrolysis
In order to assess the in vitro hydrolysis of camel CN by gastrointestinal enzymes, the protein 
and peptide profi les were assayed by electrophoresis (Fig. 1). The SDS-PAGE pattern showed 
that undigested CN, which are considered as a heterogeneous group of milk proteins, co-
migrate in the unique large band between 20 and 30 kDa. Therefore, the estimated molecular 
mass value of β-CN, κ-CN, α S1-CN, and α S2-CN in camel milk estimated by SDS-PAGE were 
24.651 kDa, 18.254 kDa, 24.275 kDa, and 21.266 kDa, respectively (KAPPELER et al., 1998).
Fig. 1. SDS-PAGE electropherograms of CN and its enzymatic hydrolysate. M: molecular weight markers; 
CSA: camel serum albumin, CN: camel milk caseins
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However, no more bands detectable by electrophoresis have been observed after a 
subsequent action of enzymes on CN, which were almost fully degraded by pepsin and 
pancreatin. This was consistent with non-protein nitrogen proportion in CN-H, which was 
164 g l–1 (against 49 g l–1 in CN).
Before digestion, camel milk CN NPN is far lower than protein nitrogen. NPN/TN ratio 
was 11.5% in native CN, this indicates that only little peptides are present in camel CN. After 
hydrolysis, the (NPN/TN) ratio subsequently increased to 44%. This is consistent with 
PARROT and co-workers (2003) observation that (NPN/TN) ratio of bovine casein increased 
from 5 to 32% after hydrolysis by pepsin and pancreatin under the same conditions.
RP-HPLC chromatogram (Fig. 2) of CN sample revealed 2 major peaks eluted between 
65 and 80 min., which were typical of large proteins like caseins, since the elution zone after 
50 min is characteristic for large and/or hydrophobic peptides/proteins (PARROT et al., 2003). 
As a likely consequence of enzymatic hydrolysis, we can note the apparition of numerous 
peaks eluting between 20 and 60 min. These new peaks were the results of peptides liberation 
during the hydrolysis processes. This is consistent with the (NPN/TN) ratio increasing.
Peptides profi les were determined by gel fi ltration chromatography (GFC) and the 
molecular weight distribution was calculated using a calibration curve (Table 1).
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Fig. 2. Gel fi ltration chromatogram: separation of camel CN ( ), its hydrolysate (CN-H    ), 
and 37 °C for 30 min and 4 h, respectively (in order to mimic successive conditions of hydrolysis by pepsin 
and pancreatin without addition of these enzymatic preparations) (CN: control )
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Table 1. Apparent molecular weight distribution of camel CN and CN-H by pepsin and pancreatin
Sample Molecular weight distribution (%)
>10 kDa 5–10 kDa 1–5 kDa  <1 kDa 
CN 24.2 10.3 27.2 38.3 
CN-H 2.2 2.5 2.8 92.5 
Apparent molecular weight distribution was calculated based on the respective areas of peaks of absorbance at 215 
nm vs. elution time on the chromatograms obtained following analysis of CN and CN-H with a calibrated Superdex-
Peptide® column as stated in the Materials and Methods section
The gel fi ltration chromatogram used for the determination of molecular weight 
distribution is presented in Fig. 3. Only one peak eluted with a retention time around 20 min 
was observed in the chromatogram of native CN, while following hydrolysis by gastro-
intestinal proteases, several peaks with longer retention times were observed. These 
molecules, having a lower molecular mass than CN and an absorbance at 215 nm, likely 
correspond to caseins fragments released following their hydrolysis by digestive enzymes.
Fig. 3. RP-HPLC analysis of native camel CN (A) and their respective hydrolysate (B). See the Materials and 
Methods section for RP-HPLC conditions. A.U.: Absorbance Unit
After being subjected to the subsequent hydrolysis by pepsin and pancreatin, the 
proportion of molecules with an apparent molecular weight higher than 10 kDa decreased 
from 24.2 to 2.2%, while the proportion of molecules with an apparent molecular weight less 
than 1 kDa increased from 38.3 to 92.5%. A similar trend was observed with molecules with 
an apparent molecular weight between 5 and 10 kDa and 1 and 5 kDa: following enzymatic 
hydrolysis, their initial respective proportions (10.3 and 27.2%) decreased to 2.5 and 2.8%, 
respectively. These observations are consistent with the observation that CN band was no 
more visible on SDS-PAGE following their enzymatic hydrolysis.
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2.2. Antibacterial activity assays
The antibacterial activity of camel CN before and after hydrolysis by gastro-intestinal 
enzymes against 3 Gram-positive bacteria (L. innocua, B. cereus, and S. aureus nosoco) and 
2 Gram-negative bacteria (E. coli and P. aeruginosa) was assayed (Table 2). In the presence 
of 20 g l–1 of native camel CN, cell growth was signifi cantly inhibited only for E. coli strain. 
The growth of the 4 other strains was either not signifi cantly affected (L. innocua) or promoted 
(B. cereus, S. aureus, and P. aeruginosa). However, it can be noted that L. innocua growth 
was signifi cantly inhibited in the presence of native CN at a 40 g l–1 concentration (Fig. 4). 
Interestingly, while camel CN hydrolysis by gastro-intestinal proteolytic enzymes likely 
released casein fragments, which could act as growth factors, the growth of the 5 bacterial 
strains tested was  never promoted by camel CN-H at the same concentration when comparing 
with growth curves in the presence of native CN (Table 2). Except for E. coli growth, which 
was equally inhibited by native casein and its hydrolysate, it can be observed that the growth 
of all other bacterial strains was always slower in the presence of camel CN-H than in the 
presence of native camel milk CN. For instance, while S. aureus nosoco growth was slightly 
promoted by native camel CN, its growth was slightly inhibited in the presence of camel CN-
H. Taken together, these observations suggest that fragments of camel CN inhibiting the 
growth of these bacterial strains were likely released by gastro-intestinal proteolytic enzymes. 
Since GFC analysis of molecular mass distribution indicates that the camel CN-H contained 
mainly peptides with an apparent molecular weight less than 1 kDa, it is likely that these 
antibacterial peptides also have a molecular weight lower than 1 kDa. This would be 
consistent with the observation of SILVA and MALCATA (2005) that antibacterial fragments 
derived from caseins have a molecular mass varying from 0.4 to 6 kDa.
Table 2. Inhibition/activation rate (%) of L. innocua LRGIA 01, B. cereus ATCC 11778, S. aureus nosoco 3011, 
E. coli XL1 blue, and P. aeruginosa ATCC 15742 growth by camel CN (at a concentration of 20 g l–1) and its 
enzymatic hydrolysate (CN-H) after 15 h incubation at 30 °C
Bacterial strain CN CN-H
G
ro
w
th
 in
hi
bi
tio
n%
L. innocua +2.55±0.14 −6.32±0.08
P-value P=0.83 P=0.42
B. cereus +11.61±0.02 –1.83±0.005
P-value P<0.001 P=0.8
S. aureus nosoco +8.98±0.07 –4.96±0.02
P-value P<0.001 P=0.21
E. coli –19.32±0.016 –19.73±0.01
P-value P<0.001 P<0.001
P. aeruginosa +14.83±0.026 +10.81±0.039
P-value P=0.026 P=0.0179
(+): stimulation of bacterial growth; (–): inhibition of bacterial growth
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Fig. 4. Growth curves at 30 °C in BHI broth of L. innocua LRGIA01(•) in the presence of CN at a concentration of 
20 g l–1 (■) and 40 g l–1 (♦), CN-H at a concentration of 20 g l–1 (□) and 10 g l–1 (◊) and nisin at 2400 IU ml–1 (○)
Hydrolysed CN are known to be highly complex mixtures that may contain up to 
hundreds of different peptides (SILVA et al., 2006). In the present case, comparisons with other 
casein hydrolysates are further complicated due to differences in protein substrates and 
enzyme specifi cities of pepsin and the different proteolytic enzymes present in pancreatin. 
However, some similar trends with the hydrolysates of bovine and ovine caseins were 
observed: LÓPEZ-EXPÓSITO and co-workers (2006) reported that peptic hydrolysates of ovine 
α S2-CN inhibited the growth of various Gram-positive bacteria.
Antimicrobial peptides derived from milk proteins often possess an amphiphilic and 
cationic character, which appears to be signifi cant for their mechanism of action, since it is 
known that electrostatic bonding between the peptides and the bacterial membranes 
(negatively charged) is the initial stage of the pore formation process leading to cell death 
(BENKERROUM, 2010).
3. Conclusions
In this study, camel caseins were hydrolyzed successively by pepsin and pancreatin mainly 
into fragments with a molecular weight below 1 kDa. The antibacterial activity of camel milk 
caseins was increased when compared with that of native casein after successive hydrolysis 
by proteolytic enzymes. This suggests that antibacterial fragments derived from camel 
caseins were released.
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Future research should now be focused on the fractionation of camel CN digests by 
chromatographic procedures to purify and identify antibacterial peptides present in camel 
casein hydrolysates.
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